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1. ROAKRZE VAZ 2019 S Q¥ HE

ABIFERIL F A3 H 5% {UM Data}\SAMPLES\automotive\vaz21_09, i% %= J5
GEHE T FH % % T Alexander Gorobtsov Z(3% f# | FRUND #4012 .

1.1 R FHER

1. 1247 UM Simulation f£F .

2. YLPESEH File | Open Object 55 it T LA FEIbRES , HIEAE 1 A 05
KRR {UM Data}\SAMPLES\automotive\vaz21 09.

@ Open object
Scan the forder:
C:\Users\Public\Documents\UM Software LabUniversal Mechanism\8\SAMPLES Automoative, I

~ [ C:\Users\Public\Documents UM Software LabiUniversal Mechanism\81SAMPLES \Automotive',
-1 Suspensions

Audi Q7
- B Audis4
- B bdouble
- [B] BMW3_E36
- [B Dodge DartRT 2013
GAZ-66
- [B] KAMAZ 55111
- [B Lada 4x4 Watts
- [B Lada4x4
Man TGE
- [B] MERSEDES BENZ
- B minibus
- [B Opel Astra
- [B] Porsche Cayenne Turbo 2011
- [B Red American
- [B Subaru Impreza
truck
B trucktrailer

[F| UAZ Hunter
L5 vaz21 09 |

- B Volgabus

C:\Users\PubliciDocuments UM Software LabiUniversal Mechanism\@\5AMPLES \Automotivewaz21_09Y |

oK Cancel

& 1.1

www.universalmechanism.com 1 www.tongsuan.cn
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MR G315 01 Hat L — MR ER A6 - TR B, 2R NI e (e A
HEMTLHOIRE, WAEYIGE— B B N 2 LB R B I 80 .

F P8 H UM Simulation #2757 ] DLA &N T ORAFAH N (1) B B ST AL 47
PR PANEA L A E . RS E . KSR RE . FRIABARIE A
A

AFIE O E T 240 1 TOLRBCE SO, AT L EHE A .

1. EFZH File | Load configuration | Equilibrium Test, fJI#% 5k P B

THHETHRE.
UM - Simulation - c\users\public\documentsium software lab\universal mechanism\8\samples\automotive\vaz21 09
File | Analysis Scanning Tools Wind Help
oper " L@i}g E: e B | B .Q:.JM-E-:E:EE.%’.'%‘.
Close Shift+F4 IQ@@'HO Lo A

Desktop... Ctrl+R
2sManoeuvre

CamberAdjusting

last

LinearAnalysis

OpenLoopCircle
sr3
SteeringWheelRotation

ToeAdjusting
trailarmadjusting
WheelTakeOff

& 1.2

URET, O BT R os — AN B E & DA — AN EE O, SRS AN,
330 L DY A B I 17 7
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2. EFESEH Analysis | Simulation 2% 57 T H *%lglﬁ@ﬁ?ﬁ F9 &, F77F

i FLAEH| 1 (Object simulation inspector )
3. &Nz # Initial conditions UUIfI, LIS RHER /382 (I ABFRWIERAEHL 2 0.

Object simulation inspector

Solver Identifiers Initial conditions Object variables VA Information Road vehide Tools
Coordinates  Constraints on initial conditions
x=0 v-@ | 1
|vaz21_0s - B -~
dr ¥ Coordinate Velodity Comment ~
1.1 1] 1] Car.jCar body 1c
1.2 1] 1] Car.jCar body 2c
1.3 1] 1] Car.jCar body 3c
1.4 1] 1] Car.jCar body 4a
1.5 1] 1] Car.jCar body 5a
1.6 1] 1] Car.jCar body 6a
1.7 0.167022302082 1] Car.jCar body - Strut rod left 1c
1.8 1] 1] Car.jCar body - Strut rod left 2a
1.9 -0.0181748219339 1] Car.jCar body - Strut rod left 3a
1.10 1] 1] Car.jCar body - Strut rod left 4a
1.11 1] 1] Car.jStrut rod left-Strut left 1c
1.12 0.167042405756 1] Car.jCar body - Strut rod right 1c
1.13 1] 1] Car.jCar body - Strut rod right 2a
1.14 -0.018189020368 1] Car.jCar body - Strut rod right 3a
1.15 1] 1] Car.jCar body - Strut rod right 4a
1.16 1] 1] Car.jStrut rod right - Strut right 1c
1.17 1] 1] Car.jCar body - Stabilizer left 1c
1.18 o o Car.jCar body - Stabilizer left 23
1.19 1] 1] Car.jCar body - Rear-axle assembly left 1c
1.20 a a Car.jCar body - Rear-axle assembly left 2a
1.21 1] 1] Car.jCar body - Rear-axle assembly left 3a
1.22 1] 1] Car.jCar body - Rear-axle assembly left 4a
1.23 1] 1] Car.jRear-axle assembly left - Rear-axle assembly right 1a
1.24 1] 1] Car.jRear-axle assembly left - Rear-axle assembly right 2a
1.25 1] 1] Car.jRear-axle assembly left - Rear-axle assembly right 3a
1.26 1] 1] Car.jStabilizer left - Stabilizer right 1a
1.27 -0.00155773042186 0 Car.jStabilizer left - Stabilizer right 2c W
Message | d=| 0.1 ﬂ da=| 0.1 ﬂ
Integration Message Close

4. 5E{I%F] Road vehicle | Tests T E, XA —HbrEr TA0RE RN
A WH M5 12 5D, 477 2k Equilibrium test.

Object simulation inspector

Solver Identifiers Initial conditions Object variables XVA Information Road vehicle Tools

|

Units Tires  Options and parameters  Tools  Identification TeSt8  Transmission Resistance Scanning

Equilibrium test

q
Steering wheel rotation
Open loop steering
Test with driver

Car simulator

Vertical harmonic loading

Horizontal harmonic loading

Camber adjusting hd

& 1.4
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5. ¥:%| Solver T, EHEKRMKE, RIKITHEHNK N3,

Object simulation inspector

Solver Identifiers Initial conditions Object variables XVA Information Road vehide Tools

Simulation process parameters  Solver options  Type of coordinates for bodies

Solver Type of solution

() BDF

(O ABM (O Null space method (NSM)
(® Park

OGear 2 (®) Range space method (RSM)

(O Park Parallel

|T|me H| R | 3
Step size for animation and data storage
Error tolerance

[Jpelay to real time simulation

|:| Keep system matrix decomposition

Computation of Jacobian
Block-diagonal Jacobian

Integration Message Close

& 1.5
6. it Integration %50 E{% FO 4, FFiafiE, WE 1.6 P, WA
T T R, TNARGIEBPFEIRA .

Plots [ES R S55)

Variables
s [
5&

M= (Tyre L) - Vertical force
2
’ Y :
MK
| V

rtical lozd, ki

2 (Tyre RL) - rce
172 (Tyre RR) - Vertic \fwrce

& 1.6
7. iFESEE, ST, TE Pause FHI NG Save, TRATAHTHS Z A BT
AR A S0 Equilibrium.xy B H 5%,
8. Aiifi Imterrupt, TWI{5E, [FIF{5 G T,
9. %% Initial conditions U, 7 ElIbx e, BSZEUNIARAEHISCAE

Equilibrium.xv.

www.universalmechanism.com 4 www.tongsuan.cn



http://www.universalmechanism.com/
http://www.tongsuan.cn/

&A software " \ Tongsuan

NIVERSAL (. MECHANIS g ' Ij %

<<,

0. mii b V=0, Rk EZAEE, HORE ARSI, Wl 1.7 fror.

Object simulation inspector
Solver Identifiers Initial conditions Object variables VA Information Road vehide Tools
Coordinates  Constraints on initial conditions
|vazZl_09 “El%. j|
{j; ¥ Coordinate Velocity Comment ~
1.1 0.00461784836609 0 Car.jCar body 1c
1.2 0.000150401357644 1) Car.jCar body 2c
1.3 0.00737709409304 1] Car.jCar body 3c
1.4 5.27274231556E-5 0 Car.jCar body 4a
1.5 -0.006184232678 1) Car.jCar body 5a
16 -0.000136587922757 0 Car.jCar body 6a
1.7 0.000537432304201 0 Car.jCar body - Strutrod left 1c
1.8 -0.0114317527206 1} Car.jCar body - Strutrod left 2a
1.5 0.00581348317171 0 Car.jCar body - Strut rod left 3a
1.10 0.0313606173543 0 Car.jCar body - Strutrod left 4a
1.11 0.116644394785 1] Car.jStrutrod left-Strut left 1c
1.12 0.000545607353885 0 Car.jCar body - Strut rod right 1c
1.13 0.0119370257951 1} Car.jCar body - Strutrod right 23
1.14 0.00334768733655 1} Car.jCar body - Strutrod right 3a
1.15 -0.018895936419% ] Car.jCar body - Strut rod right 4a L
1.16 0.115402007524 1] Car.jStrut rod right - Strut right 1c
1.17 0.00163745733452 0 Car.jCar body - Stabilizer left 1c L
1.18 -0.0614246376793 0 Car.jCar body - Stabilizer left 2a
1.18 5.25788540557E-8 1} Car.jCar body - Rear-axle assembly left 1c
1.20 -0.000276659361617 0 Car.jCar body - Rear-axle assembly left 2a
1.21 0.0313343963531 1} Car.jCar body - Rear-axle assembly left 33
1.22 4.89083014309E-5 1} Car.jCar body -Rear-axle assembly left 43
1.23 0.000541543831926 0 Car,jRear-axle assembly left - Rear-axle assembly right 1a
1.24 -5.80294035223E-5 1} Car.jRear-axle assembly left - Rear-axle assembly right 2a
1.25 7.58812932735E-5 0 Car.jRear-axle assembly left - Rear-axle assembly right 3a
1.26 -0.000496527895362 0 Car.jStabilizer left - Stabilizer right 1a
1.27 3.47986956334E-8 1] Car.jStabilizer left - Stabilizer right 2c v
Message | dx=| 0.1 HJ da= 0.1 Hj
Integration | Message Close

& 1.7
1. AHERE, (747 04 Equilibrium.xy SIREL H 3%, 785 5 08, ik
i BBl 7R EE IR 2 A SO A

www.universalmechanism.com 5 www.tongsuan.cn
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12. LG E TAES, v OE IS e R W aa 2 S0 s, s
RI, SO EIEI F R, wIda skt BEhind. X EDY UM
Simulation 27 A 121Z2h88, AINEE FIRIBCE (last X . 2# AT
1B 325 Tools | Options, ZiE Autosave fRIX & .

Options *

(,

Bug reports Visualization Wear control parameters
General  Autosave  Formatof numbers  Export to MS Excel
Save

Desktop

Identifiers

Rail vehide configuration

Road vehide configuration

Tracked vehicle configuration
Driling configuration

Monorail train configuration

carel
& 1.8
www.universalmechanism.com 6 www.tongsuan.cn
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1.3 #9AHqRE

1. i Close, K ELA% I i .
2. EFESZH. File | Load configuration | SteeringWheelRotation, fl1#4% [7]
AR THRE, TEEME 7 — 3 & LA B .
3. #LAEHEH Analysis | Simulation 554117 T LR hs @ st Fo 42, 4T7F
15 B H L (Object simulation inspector ).
4. EAfI%F] Road vehicle | Tests TUTHI, Afi{r S HT LRI H LN Steering
wheel rotation.
Object simulation inspectar
Solver Identifiers Initial conditions Object variables XVA Information Road vehicle Tools
"k
Units Tires  Options and parameters Tools  Identification Tests  Transmission Resistance Scanning
Steering wheel rotation w
Parameters  variables Results
Mumeric parameters
Name
Amplitude (rad)
Frequency {Hz)
& 1.9
S.

st Integration, FF 4615 B, i It FEAISE A 110 fTE 1.11 fos.

1.10

www.universalmechanism.com 7
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[= =] =]
Variables

.Sb&er wheel angle
W oe (=)
.Toe (right)

Steer angles, rad 3

Sf:eer wheel angle, rad
2

Plots (=] =)
Variables

.Sbeer wheel angle ! ! Steer ratio
Wstee ratio .

‘1 Steer whesl angle, r2d

1.11
6. KX midiHRE. Interrupt, EPUT%'I A O B
7. 5 Close, 4 AR F 41 .

www.universalmechanism.com 8
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1. EFESEH File | Load configuration | OpenLoopCircle, JN#EFa78%4 [m) 4
PEREG T E, FERIMACE T — ) shil i DML EE .

2. EFESEH Analysis | Simulation B 5 T HA 1‘/%@)52@ F9 &, fTHF

i A% H| 1 (Object simulation inspector )

3. EfI%] Road vehicle | Tests UL [M, fff £r >4 BT & £E 117 5 T4 Open loop
steering. sili Steer angle plot 7 AR, T &F 2MATE XK R
AL, WE 112 Pros.

Open loop steering (=5 Eon &
Variables
(A MlG0en ooy steeiing:

/

Z

1.12
4. rpiili Integration, JFUGTIE, FELRWE 1.13 fios, ERATHERE
RIEIE .

RVt

LK E ORERX S AR, %P Options, 7E Axles | Style T1TH 2)i% Equal
scales, 1] B 1 FlFI I\l oA 55 LU A7)

ELEE D RERX S AR, %5 Show all, T ALk B sh4a ORI 2E & &
KN,

www.universalmechanism.com 9 www.tongsuan.cn



http://www.universalmechanism.com/
http://www.tongsuan.cn/

/

&A — : } Tongsuan

NIVERSAL | MECHANIS,

N~ =] 3

[=1=]E=]

Variables

[Bl-:x(Car.Car body) - Coordinates of point (0,0,0) of body Car.Car body relative to Base0, SC Base0, projection X
.r:y(Car.Car body) - Coordinates of point (0,0,0) of body Car.Car body relative to Based, SC Basel, projection Y

Window parameters

Window A¥ES  Design Freguency filter Statistics

Style  Marking Legend

Equal scales
Logarithmic scale for Y-axis
Logarithmic scale for ¥-axis
Show grid
Additional scale division
Show scale factors
[Hide % values
[Hide ¥ values
Grid style
(O salid (® dotted
Interval for x-values
[setinterval for x

Current options - Default options | B =

N B
o]

i
Cancel §

+

9.43499999999999 14.671

& 1.13
5. MKIRAARE . Interrupt, W ET oM
6. siili Close, <M HL %] 7 .

www.universalmechanism.com 10 www.tongsuan.cn
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1.5 # @& ER %

1 WEFER
TOURCE, PiFEmACE 7D A

H. File | Load configuration | WheelTakeOff, 32H#% 7] [5] 1E 56
[N

2. EFESEH Analysis | Simulation B 5 T HA */iq)gﬁfz F9 &, fTHF

i A% H| 1 (Object simulation inspector )

3. EfI%| Road vehicle | Tests UL [f], ifi £r 24 Hi ik #1145 5 L% A Open loop

steering, Ji- H. Terminal control &N 21 IR o

Object simulation inspectar
Identifiers

- | %

Options and parameters Tools  Identification Tests  Transmission Resistance Scanning

Solver Initial conditions Object variables XVA Information Road vehide

Units  Tires
Open loop steering

Parameters

Longitudinal motion mode
(O Neutral

@ w=const

Control type

O Local

[ use irregularities

Terminal control

Steer angle plot

O profile

(@) File (O Identifier

Tools

’i\_ﬂ |"C: Wsers'\Public\Documents\UM Software Lab\Universal Mechanism\3\SAMPLES \Automotive\waz21_09\wheeltakeoff.ols™

=]

Traction force
[ Limits of traction force

&

Integration Message Close

=]

1.14

ik

/4] Terminal control K N{E4S E FI AL AR AL A M4 2 Tz (il 1.15

Fzs), 23RN TFTBOT, FEIRF A [ e & B aE k.

www.universalmechanism.com 11
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4. il Steer angle plot 5 ) EFRE], Al & F 241l & XK ) BLEE N FE
gk, WK 1.15 s,

Open loop steering EI@
Variables

.Dpen loop st...

L] e —————- L e S

0 |- P R RTTs O T T P

D o LR L EECEEEEEER Sob  ERRREREEEEEEE

L SRS ik e

& 1.15
5. sii7 Integration, JFER{7E, fiEATRWIE 1.16 s,

Plots ===

Variables

................................................................................................................................................

Steer angles, ra¢

3.905 0.00889999939393999

1.16
6. MK HE. Interrupt, T HT TG E.
7. 5l Close, I E A HI A1 .

www.universalmechanism.com 12 www.tongsuan.cn
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1. &EFESEH File | Load configuration | 2sManoeuvre, 32HUAS e 4215 1856 T
OUBCE, P7HSEEACE & ol i A = B E

@

2. EFESEH Analysis | Simulation 2% 57 T H 1‘4@1‘/%@@?‘?& F9 &, FT7F
i A% H| 1 (Object simulation inspector )

3. &A% Road vehicle | Tests UL, Af{r9ATIEFERIT H THLN Test with
driver, XX;&—M AR, BHETIE BT B A A0 2 il G145 i B A o

Object simulation inspector

Solver Identifiers Initial conditions Object variables XVA

|

Units  Tires  Options and parameters  Tools

Information Road vehide Tools

Identification  Tests  Transmission Resistance  Scanning
Test with driver

Parameters  yariables
Longitudinal motion mode

(O Neutral (®) v=const O profile

Driver model MacAdam
[ use irregularities

Test secton profile

Macro geometry file

b_ﬂ |C: \Users\Public\Documents\UM Software LabUniversal Mechanism'@\car\macrogeometry\2s.mgf @ﬂ
Test section fille

= |
Traction force
[CLimits of traction force

&l

=]

Set default control parameters
Mumeric parameters

Name Value

Preview time, s 1

Reaction time delay, s 0.1
MNeuromuscular lag, s 0.1
Mumber of control steps 3

Integration Message Close
1.17
www.universalmechanism.com 13 wWww.tongsuan.cn
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H

4. il Macro geometry file T 1 (1 EIAREE, AT LAEYE H AR R4S GKCETD

[] Macro geometry x|
Variables ! ! | |

C W aroet path ‘
|

-12.49 -0.044

1.18
5. il Integration, ZIL‘ﬂiﬁ firas B 1.19 fiw.,

Plots (=)o =]
Variables " T T
L ‘

10.66 0.905999999999399

(a)

Plots

Variables

] .Cnmpuhed control
] .Drlver control:

www.universalmechanism.com 14
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T()nnsuun

Qﬂ#

Plats

Variables

6. KX ATHEE . Interrupt, TS ET LA H.

0.1

-0.1

fo o

Path fallowing emorim

(©)

1.19

7. R Close, <P HAz I FH

www.universalmechanism.com 15
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1.7 KEHHT

1.

2.

e BESE H. File | Load configuration | Linear Analysis, 17828 281 L
MeE, (FHREMEE 7 — 1 shEE

EFESE . Analysis | Static and linear analysis 3% 5 o T B A~ B bR @y, 41
VAN AL ES A s v g DO O

(C) static and linear analysis EI@

o — =

Equiibrium ~ Frequendes/Eigenvalues  Rootlocus  Linear vibrations  Identifiers  Initial conditions  Options
Freguencies and modes [ Eigenvalues
Use zero velodities
[ skip damping matrix
Frequency/Damping ratio ~

Sort by: frequency ~

1.20

MO, M RGNS AR CEE)

(0 static and linear analysis EI@

O BB E %

Equilbrium ~ Frequendes/Eigenvalues Rootlocus Linear vibrations Identifiers Initial conditions Options

Freguencies and modes [Eigenvalues
f{Hz) ~ Use zero velocities
1 1.33574 [ skip damping matrix
2 1.51705 Frequency,/Damping ratio ~
3 1.64309
4 1.54343 Sort by: frequency ~
5 2.00413
& 2.75926
7 3.19332
3 4,24133
9 5.03259
10 5.03667
11 5.36086
12 5.42691
13 5.90256
14 6.43264
15 7.43284
16 7.52155
17 AATTS hd
Animation of modes
Amplitude I
Rate I
1.21

www.universalmechanism.com 16 www.tongsuan.cn
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fﬁi?hwmmr

4. FEFIRAPIEFIEHEAIE, i
mﬁ&%i/ﬂﬁﬂ?%%%ﬁ@ﬁﬁ%%%%%ﬁﬁﬁ%Cﬂ@ﬂ%%

5. /z)i% Eigenvalues, i 5 7% 41O
SRR b,k 1.23 A METR.

& 1.22

T HAASH v, BT B & )2

» ATRATHEAG 25 18 R SR e 2B

Stah'c and linear anafysa's EIE
g B =%
qu..ullbrlum Frequendes Eigenvalues  Rootlocus  Linear vibrations  Identifiers  Initial conditions  Options
Freguencies and modes Iml
f(Hz) ~ Use zero velodities
1 133574 [ skip damping matrix
2 LIL/GD Frequency/Damping ratio [
3 1.64309
4 1.64343 Sort by: frequency w
5 2.00413 f(Hz) Beta(%s)r A
1 2.75826 1 1.34045 158.696
7 3.19332 2 1.51685 8.262
8 4,24133 3 1.64142 1.697
9 5.03259 4 164311 1.607
10 5.03867 5 1.99075 11,272
11 5.36086 3 276398 5.707
12 5.42691 7 3.21723 1.740
13 5.90256 g 4.25519 5.309
14 6.43264 9 4.87279 24.999
15 745284 10 4.87666 25.025
16 7.52155 11 5.36468 5.134
17 8.6775 12 5.42219 5.172
18 9.1917%6 13 5.8535 45.828
19 9,29402 14 6.85513 41.967
20 10,0396 v 15 7.39302 7.827 .
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